Commonly, Carbon Fiber Reinforced Plastics (CFRP) aerospace elements need to be machined (drilling) for subsequent assembly operations, mainly riveting, taking a critical importance the quality requirements of the holes. Some of the adjustment defects that can be produced during the dry drilling of CFRP are related to macrogeometrical (diameter, D, and cylindricity, DC) deviations. This paper reports on the results of a study of the influence of the cutting parameters V (cutting speed) and f (feedrate) on the D and DC deviations in the dry drilling of CFRP. A particular procedure based on plastic hole replicas has been performed. Diameters deviations were acceptable in all the cases studied. Because of this, DC is the controlling factor for accepting the drilled holes. In the studied range, lowest cutting speeds and highest feedrates have allowed obtaining the minimum cylindricity deviation.
Introduction
Control of the aircraft's weight is one of the main mandatory contractual points for the aerospace companies, being reviewed in reference to two values; Not to Exceed Weight (NTEW) and Target Weight (TW). If the NTEW is exceeded then $1000/kg per aircraft must be paid to the final client, while if the aircraft manufacturers manage to go below the TW, final clients pay them a bonus of $500/kg in each aircraft [1] . In this search for reducing weight, and so emissions and fuel efficiency, composite materials have played a key role. Currently there are three main types in use: carbon, glass and aramid fiber reinforced epoxy, classified into the so-named Fiber Reinforced Plastics (FRP) [2] [3] .
How to cite this paper: Salguero, J., Fernandez-Vidal, S.R., Mayuet Nevertheless carbon fiber is the reinforcement material of choice for "advanced" composites, because it exhibits excellent fatigue resistance which do not suffer from stress rupture compared with glass or aramid fibers. This kind of advanced material is commonly called as Carbon Fiber Reinforced Plastic or Polymer (CFRP) [2] .
Structural parts made of CFRP have frequently to be drilled and riveted afterwards during the assembly operations. So, machining processes have to guarantee the tight dimensional and geometric tolerances specified in the quality requirements [4] [5] .
Usually, the damages of drilling FRPs are classified into four categories: delamination at entry, geometric defects, temperature-related damages and delamination at exit [6] .
Among the geometric defects, control of cylindricity errors, together with the diameter deviations, are key factors in major aerospace manufacturers, due to these are directly related to the correct assembly and proper functioning of the rivets [7] [8].
When CFRP is drilling, the tool geometry related damages are associated to the angle between fibers orientation and the cutting edge [9] . This occurs due to the fact that before shearing takes place, the fibers are subject to alternate torsion and compression, resulting on an elliptical hole, in which the smaller axis of the ellipse is in the same direction of the fibers and is inferior to the drill diameter [10] . On the other hand, cutting tool wear in the dry drilling of CFRP is mainly based on abrasion mechanism, in which the cutting tool gradually lose its initial geometry, and so affecting to all the features involved in the geometrical and dimensional tolerances [11] .
Majority of the researches in the domain of geometrical tolerances are done for various types of errors associated in achieving these tolerances. The error compensation strategies are also developed, and various innovative models and techniques were developed to measure various geometrical tolerances. However, the work related to cutting parameters, its investigation, its contribution and its selection to optimize the geometrical errors need some amount of focus. In this paper, a preliminary study of the influence of the cutting parameters on the holes quality has been developed. Dimensional deviations (taking as reference the difference between measured and nominal hole diameters) and cylindricity deviations (as a macrogeometrical deviation parameter that combines the effect of roundness, straightness and parallelism deviations) have taken as a measurement of the holes macro-quality in the dry drilling of CFRP sheets.
Experimental Methodology
The experimental procedure contains two sequential stages: 1) Design and development of drilling test, including technological parameters selection, clamping device design and drilling cycles programming.
2) OFF-LINE evaluation of holes quality on the basis of metrological considerations. In this case, according to the objectives of the paper, both dimensional deviationsbased on the difference between measured (D) and nominal (D0) diameters-and cylindricity deviations-by combining roundness, straightness and parallelism deviations-have been selected as hole quality variables. Figure 1 . The dry drilling tests were performed combining two extreme values of cutting speed (V) and feedrate (f) selected from previous work developed on this kind of materials. A cutting speed of 85 m/min and feedrate of 250 mm/min were selected from the cutting-tool manufacturer. Also, a higher cutting speed of 145 m/min and a higher feedrate of 400 mm/min were selected in order to obtain a widest range of results in a high productivity rate, although in a more aggressive cutting conditions. So, a total of 4 tests have been conducted, taking into account all the possible combinations V-f. As this is a preliminary study, only a set of 25 drills has been carried out in each one of the dry drilling tests, using new cutting tools for each test.
Dry Drilling Tests

Metrological Evaluation
Hole diameters were evaluated by using a millesimal Mitutoyo Digimatic 3-contacts bore micrometer, measuring at 3 levels equispaced 120˚. Experimental diameter value was taken as the average of the three recorded values. Cylindricity deviations were evaluated using a Mahr Formtester MMQ 44, as the average deviation of 6 roundness measures along the body of the hole. For this purpose, and due to the geometry of the drilling samples, a Plastiform RGX 80 resin was use to obtain a replica of each hole, Figure 2 . This procedure has been validate by aerospace companies geographically close to our labs. Also it is noticeable that excellent results have been found when higher feedrate is used at lower cutting speed, while low feedrate shows higher dispersion for both cutting speeds. This fact cannot be attributed solely to tool wear, but may be due to temperature-related damages in form of thermal gradients produced during the cutting process [6] , which can degrade and even evaporate part of the epoxy resin. No temperature evolution effects can be distinguished. So, using extreme values, long-term tests are currently under design and development. 
Results and Discussion
Conclusion
Dry drilling of CFRP is a complex operation, due to the amount of factors that can affect the final quality of the holes. Among them, diameter tolerances and cylindrical deviations are key parameters to ensure the correct functioning of the rivets. When CFRP is dry-drilled under the tested conditions, tight diameter tolerances (20 µm) are achieved. However, the plastic effects cause an increase of about 15 -20 µm. Good results in cylindricity deviations were found when the higher feedrate and the lower cutting speed were used. It must be noticed that all the values obtained for dimensional and macrogeometrical deviations have been found into the tolerance range.
